Aberrant ventricular conduction was induced in 44 subjects by introduction of atrial premature beats through a transvenous catheter-electrode. Multiple patterns of aberrant ventricular conduction were obtained in 32 patients and, in the whole group, 116 different configurations were recorded. Of these, 104 showed a classical pattern of mono-or biventricular conduction disturbance. The pattertn frequencies were as follows: right bundle-branch block, 28; left anterior hemiblock combined with right bundle-branch block, 21; left anterior hemiblock, 17; left posterior hemiblock combined with right bundle-branch block, 12; left posterior hemiblock, 10; complete left bundle-branch block, 10; and incomplete left bundle-branch block, 6. The remaining 12 configurations could not be classified into the usual categories of intraventricular blocks. In 7 of them, the alterations only consisted of trivial modifications of the QRS contour. In the other 5 instances, aberrant conduction manifested itself by a conspicuous anterior displacement of the QRS loop, with increased duration of anterior forces. The latter observation is worthy of notice, as it indicates that, in the differential diagnosis of the vectorcardiographic pattern characterized by prominent anterior forces, conduction disturbances should be considered a possible aetiological factor in addition to right ventricular hypertrophy, and true posterior wall myocardial infarction.
Introduction of atrial premature beats through a
Patients and methods tran3venous catheter-electrode has been used in Studies were made on 44 patients (30 men and 14 human beings in order to produce aberrant ven-womes with mal sinu s (30 me ages tricular conduction (Cohen et al., 1968; Kulbertus women) with normal sinus rhythm whose ages et al., 1971; Kulbertus, 1972; Wu et al., 1974) . ranged from 14 to 71, with an average of 51.
The data from these experiments enabled the Among the 44 investigated,a2 werenormal subjects.
authors to describe the vectorcardiographic features Eight patients had arterial hypertension, 3 chronic of different conduction defects in their pure inter-airways obstruction, 13 peripheral vascular disease, mittent form (Cohen et al., 1968; Kulbertus, 1972 ) and 14 coronary heart disease. Eleven of the 14 and to investigate their influence on various patho-with coronary heart disease had a history of prelogical vectorcardiographic manifestations (Cohen vious myocardial infarction diagnosed on the basis et al., 1968; Kulbertus et al., 1971 ; Kulbertus, of suggestive clinical signs, with typical electro-1972) .
cardiographic abnormalities at the time of the acute The present report is concerned with the observa-episode. The remaining subjects had valvular tions made in 44 subjects by delivering premature lesions (12 cases), congenital malformations (2 atrial stimuli throughout the diastolic period. cases), or hypertrophic obstructive cardiomyopathy Attention will be drawn towards an unusual variety (1 case). (Fig. 4) pattern. The vectorcardiogram showed a type A Discussion morphology in 9 patients and a type B in 11. In 3 Recovery of excitability does not occur simulsubjects, both morphologies were obtained during taneously in all the peripheral portions of the the same experiment. Finally, combined left specialized intraventricular conduction system posterior hemiblock and right bundle-branch block (Hoffman et al., 1963, Van Dam, Hoffman, and were induced in 11 patients (6 with the type A, and Stuckey, 1964; Moe, Mendez, and Han, 1965) . 5 with the type B).
This feature accounts for the fact that, following atrial premature beats, impulse propagation may be Unclassified patterns altered because of a refractory state in parts of the Twelve configurations of aberrant conduction could usual conduction pathways. This results in aberrant not be classified into the usual categories of intra-ventricular conduction with morphological alteraventricular blocks. In 7, the alterations only con-tions of the QRS complex. sisted of a trivial modification of the QRS contour.
Recent studies have indicated that block freIn the remaining 5, the changes in QRS were much quently occurs at the level of the His bundle or group.bmj.com on October 30, 2017 -Published by http://heart.bmj.com/ Downloaded from Vectorcardiographic study of aberrant conduction 555 bundle-branches, though it may also take place in cardiac excitation (Gardberg and Rosen, 1958;  the more distal portions of the intraventricular Scherlis and Lee, 1963; Penazola, Gamboa, and conducting system (Myerburg et al., 1975a; Zipes Sime, 1961; Cohen et al., 1968; Kulbertus et al., et al., 1975, Elizari, Greenspan, and Fisch, 1975) . 1970a). It should be noted that, whereas in sponTh! degree of prematurity probably contributes to taneous right bundle-branch block, counterclockthe determination of the site of block (Myerburg wise horizontal loops are more usually seen especiet al., 1975b) . One may reasonably expect that when ally in individuals without obvious heart disease the transmission delay involves only a limited (Chou et al., 1974; Witham, 1975) , clockwise and number of peripheral Purkinje fibres, aberrant anterior loops were found to be more frequent after conduction will manifest itself by small variations atrial premature stimulation. The same observation of the QRS contour. Conversely, more extensive was made by Cohen et al. (1968) . No explanation distal blocks as well as blocks in the proximal has been suggested for this finding. branches or subdivisions are likely to produce Finally, our data further illustrate that the patterns of bundle-branch block, hemiblock, or presence of conduction disturbances, including bilateral conduction defect. In this study, as well as hemiblocks (Rosenbaum et al., 1970; Durrer, in others (Rosenbaum et al., 1970) , the commonest 1972), may modify in a dramatic fashion the abnormality was right bundle-branch block, the electrocardiographic manifestations of myocardial next most frequently occurring anomaly being the infarcts and thus, sometimes, hamper their diagassociation of right bundle-branch block with left nosis. Concealment of an anteroseptal infarction anterior hemiblock. The reasons for this order of by a type B right bundle-branch block deserves frequencies probably include differences inthe length to be emphasized. and in the duration of recovery time of each fascicle In addition to these mainly confirmatory data, (Rosenbaum et al., 1972) .
the results reported in this paper point to a less Examples of aberrant conduction provide good well-known aspect of aberrant conduction. They material for studying the effects of any type of block indicate that the vectorcardiographic pattern on the human electrocardiogram or vectorcardio-characterized by an increase in amplitude and gram. Thus, some cases of aberrant conduction duration of the anterior forces can be the conseindicate that, even in its apparently chronic form, quence of a conduction disturbance. left anterior hemiblock may, after atrial premature Prominent anterior forces are generally interstimulation, disappear or else be replaced by an preted as being a result of right ventricular hyperisolated right bundle-branch block. The possible trophy or posterior myocardial infarction. Many electrophysiological mechanisms that might explain criteria, often deceptive, have been proposed to dissuch observations (supernormal phase of conduc-criminate between those two conditions (Mathur tion; phase 4 block; discordance of conduction time and Levine, 1970; Kini and Pipberger, 1974) , and refractory periods) have been discussed by the differential diagnosis becoming important others (Rosenbaum et al., 1972; Wu et al., 1974) . particularly in older patients who may have coronary As regards left posterior hemiblock, the present artery disease, or pulmonary emphysema, or both. findings confirm that an abnormal rightward deviaIn a study of 360 patients whose vectorcardiotion of the maximal QRS frontal axis is not, as gram showed prolonged anterior forces, Mathur initially thought (Benchimol and Desser, 1971; and Levine (1970) found 203 clear-cut instances of Castellanos et al., 1971) , a prerequisite for the right ventricular hypertrophy and 85 of posterior diagnosis of this type of partial left bundle-branch wall myocardial infarction. There remained, howblock. In fact, changes produced by left posterior ever, 72 cases which failed to show any evidence for hemiblock are often so small that the diagnosis can either diagnosis. Witham (1975) states, with some only be made by comparison with the control tracing reservations, that such unusual anterior displace- (Strickland, Horan, and Flowers, 1972) . ment of the QRS might represent a normal variant With right bundle-branch block, isolated or in the older age-group. Our results show that it may combined with partial left bundle-branch block, the be related to a conduction disturbance. At the present results corroborate, if still needed, the present stage of our knowledge, it seems impossible opinion that an anteriorly displaced, clockwise to specify where the conduction delay responsible rotated horizontal plane loop is not, as stated in the for this vectorcardiographic abnormality actually past (Donoso et al., 1955; Saltzman, Linn, and takes place. Pick, 1966) , necessarily indicative of associated It has frequently been assumed that right bundlepathology, such as right ventricular hypertrophy branch block does not alter the first half of QRS. or infarction of the posterior wall of the left ven- Boineau, Spach, and Ayers (1967) have, however, tricle, but may result from an abnormal pattern of clearly showed that this opinion was erroneous.
